Reducing food losses and waste (FLW) is one of the sustainable ways of closing the food requirement gap in developing countries. However, there is not yet adequate knowledge on the extent of FLW by commodity type and stage of the food supply chain (FSC). Focusing on ten agrarian countries in Africa and building mainly on the Food and Agriculture Organization's Food Balance Sheets (FBSs), this study generates some new insights on the level of FLW by country, FSC and food type. Across the FSC, we find that these countries lose a cumulative amount equivalent to 28% (641 kilocalories per capita per day -kcal/cap/day) of the current calorie intake. Within the FSC, the production and post-harvest handling stages contribute the greater shares of the total losses with 38% or 244 kcal/cap/day and 34% or 218 kcal/cap/day, respectively. Our results also show that farm incomes would increase by 20% if the avoidable losses and waste were recovered. These results are troublesome given the level of poverty and food insecurity in these countries and suggest inefficient and unsustainable use of natural resources (water and cropland) associated with the FSC losses.
Introduction
Food insecurity remains one of the development challenges of the world (Food and Agriculture Organization [FAO] ), as close to a billion of its inhabitants are still malnourished (FAO et al., 2017; Naylor, 2011) . Currently, there is renewed interest in the issue of food insecurity at national and global levels owing to the recent experiences of high and volatile food prices (Minot, 2014; Tadesse et al., 2014) and the growing use of food crops for biofuel production (Nonhebel, 2012; Popp et al., 2014; Spiertz and Ewert, 2009 ). This situation is not expected to improve very soon as the world's population will continue to increase, and food production will also be severely affected by climate change, particularly in regions with a high prevalence of food insecurity. Many options are currently being debated and considered by decision-makers to tackle the threat of wide-spread food insecurity in the context of a rapidly growing world population and depleted natural resources, including increasing agricultural productivity in less productive areas (Popp et al., 2013; Pradhan et al., 2015) , promoting international trade in food (Burnett and Murphy, 2014; Clapp, 2016; Singh, 2014) and shifting diets towards relatively abundant food types (Ranganathan et al., 2016; Reisch et al., 2013) . However, one of the promising sustainable ways of closing the food requirement gap is cutting the huge level of food losses and waste (FLW) (Dou et al., 2016; Gustavsson et al., 2011; Kummu et al., 2012) , which are roughly estimated at one-third of the edible parts of food produced for humans globally (Gustavsson et al., 2011) . Apart from the direct food security impacts of such losses, it is now widely recognised that FLW have important resource and environmental impacts (Venkat, 2011; Stenmarck et al., 2016) . Food losses are also seen as a symptom of substantial levels of inefficiency in the food supply chain (FSC) (Bernstad, et al., 2016; FAO, 2013; Kummu et al., 2012) .
Recognising the role of reducing FLW for global food security, FAO (Gustavsson et al., 2011 ) developed a refined method for estimating food losses at different stages of the FSC. Following this and previous methodological innovations, a fastgrowing level of knowledge on the volume of global and regional food losses is emerging. However, there is not yet adequate country-level knowledge on the volume of FLW disaggregated by supply chain stage, by commodity group and by country. Such information is even scarcer in the developing world. In addition, as noted by Sheahan and Barrett (2017) and Kummu et al. (2012) , no detailed estimate exists in terms of lost nutritional energy (in kilocalories -kcal) associated with the food losses. Recalling that close to a billion people are malnourished globally, there is a need to understand the magnitude of the food losses within the FSC in kcal term and estimate the avoidable FLW. To the best of our knowledge, Kummu et al. (2012) offer the only attempt so far to estimate food losses in kcal. However, because Kummu et al. (2012) provide a global perspective of the food-loss problem, it is difficult to translate their study into actionable policy recommendations to be designed and implemented at a national level (World Bank, 2007) . We also posit that both the urgency to tackle food insecurity and the role played by food losses vary substantially from country to country.
Building on previous attempts and recognising the role of FLW for food security and food systems sustainability, this study contributes to filling the knowledge gap on the magnitude of the problem posed by food losses at value chain and national levels. It therefore seeks to assist policy-makers by (i) estimating the volume of FLW by country, FSC and food type, focusing on ten agrarian economies in Africa, (ii) translating the quantities of FLW into kcals, (iii) calculating the food security implications of saving the FLW in these countries and (iv) estimating the amount of output and income lost to households involved in food production.
The paper is structured as follows: We first introduce the case study countries and describe their common characterising features. We then present the materials and methods of analysis, which include definition of terms and calculation of FLW and income losses to farmers. We then present the findings from our FLW analysis for ten agrarian economies in Africa, before concluding the study by summarising our findings.
Case study countries
This study focuses on ten agrarian economies in Africa (see Table  1 for the list of countries). Apart from the share of agriculture in gross domestic product (GDP), the choice of case countries was guided by the level of poverty, the level of calorie consumption, the size of the population and the availability of data in FAO's Food Balance Sheets (FBSs). For example, although Burundi is one of the most agrarian countries in Africa and has a large share of the population facing poverty and food insecurity, we could not include it in the analysis, as no comprehensive information on the country's pattern of food supply and use is available in the FBSs. In identifying the countries, we focused on those with the highest share of agriculture in GDP, a population larger than 10 million, the highest poverty levels as measured by the share of the population above the poverty line, and the lowest calorie intake per capita per day. Table 1 provides a detailed presentation of the common characterising features of the selected countries. Agriculture remains a key sector, contributing to more than 28% of GDP in each of the case study countries, reaching as high as 53%, and averaging 36%. This is significantly higher compared to sub-Saharan Africa (SSA), South Asia and world averages of 15, 19 and 3%, respectively. The average poverty rate among these ten agrarian economies of Africa is 50%, suggesting that about 140 million of their residents live in poverty. Poverty is specifically severe in Madagascar, where more than three-fourths of the population is living below the poverty line of USD 2/cap/day. Also, half of the case study countries have headcount poverty rates of more than 50%. Finally, the average calorie intake is around 2300 kilocalories per capita per day (kcal/cap/day), which is almost a quarter less than the world average of 2860 kcal/cap/day (see Table 1 ). These case study countries also represent 29% of the total population in SSA, including two of the five most populous countries on the continent.
Materials and methods

Definition of food loss and food waste
This study focuses on the loss and waste of edible food mass directed to human consumption within the various stages of the FSC ranging from production to consumption. We distinguish between food loss and food waste. Whereas food loss is related to the production, post-harvest, and processing stages of the FSC, food waste refers to food occurring at the later stages such as during distribution and consumption. This definition is in consonance with other pioneering studies on the area, including Kummu et al. (2012) and Gustavasson et al. (2011) . As noted in FAO's method book for quantification of FLW (Gustavasson et al., 2011) , FLW is computed over food commodities originally meant for human consumption even if the commodities are directed out of the human food chain to non-food use such as feed, bioenergy, etc. Hence, we are considering the 'planned' food use versus the 'unplanned' food use. Although our primary objective is to examine the extent of FLW by commodity type and stage of the FSC, we also provide a mapping of total production, supply and utilisation of food in each country (see Table 2 for an example of FAO's FBSs). FBSs are the main source of information in this paper and allow us to map the terms we are defining in this section with the data. To make the subsequent discussion clear, we provide concise, albeit basic, definitions of some of these concepts. We refer to the total production of food commodities within each country as total production, which could either be supplied to the domestic market or exported. The part of total production intended for human consumption is referred to as total food production. Total supply of a food commodity refers to the sum of the commodity that is sourced either from domestic or foreign markets (imports).
Total supply of a food item can be used as human food, input for industrial processing, feed, seed, 'other uses', or simply wasted. Whereas food, feed and seed refer to the total amount of a commodity available as human food, used as animal feed or set aside for sowing or planting, respectively, during the reference period, a certain share of a commodity can be used in the food processing sector as intermediate input. ' Other uses' of a commodity include transformation of the item for non-food purposes such as pet food, soap and bioenergy production. FAO's FBSs also report food waste estimates. However, this refers to the amount of a commodity wasted (lost) only during storage and transportation, and does not account for losses occurring during production, harvest and consumption. In addition, the data are provided in aggregate, and not at the various stages of the supply chain.
We identify five segments of FSC for which we calculate FLW: (i) agricultural production; (ii) post-harvest handling and storage; (iii) processing; (iv) distribution; and (v) consumption. Food waste during agricultural production refers to food waste due to mechanical damage and/or spillage during harvest operations, whereas post-harvest handling and storage losses include the losses of food during handling between farm and distribution. Food could also be lost during processing due to spillage and degradation during industrial as well as final domestic processing. Finally, part of the food could be lost and wasted in the market system (distribution), and during consumption at the household level. The share of FLW occurring at each of these segments of the supply chain depends on the nature of the food and the level of infrastructural development in the economies (Bräutigam et al., 2014; Loke and Leung, 2015) .
Calculation of food losses and waste
This study involves a number of main steps for the calculation of FLW. First, we estimate total food production, trade, supply and utilisation. Second, we calculate FLW in tons and convert this quantity into kcal equivalent. Our estimate of total production and supply includes the use of commodities as human food, animal feed, seed and 'other uses'. However, in our FLW analysis we only included the fraction of the total production and supply initially directed to human consumption. 1 We only focus on the portion of food intended for human consumption for a number of reasons: (i) various conversion factors and supplementary information are needed to estimate FLW across the FSC and we were able to obtain them for the human use of food only; and (ii) the focus on human consumption makes comparison with other available studies easier (see Gustavsson et al., 2011; Kummu et al., 2012) . Third, we provide a policy-relevant estimate of the calorie intake gap that can presumably be closed or reduced with more efficient FSC. Fourth, we extrapolate the income loss to farmers while accounting for FLW reduction costs. The FLW and income losses are calculated along the FSC and for each of the countries examined. By so doing, our study expands on the two pioneering multi-country studies on global FLW (Gustavsson et al., 2011; Kummu et al., 2012) in the following ways: (i) we provide a country-level picture of FLW that focuses specifically on structurally food-insecure semi-subsistence economies in Africa; (ii) we include meat-related products and not just crops as in Kummu et al. (2012) ; and (iii) we provide an estimate of the associated production and income losses to farmers.
Using five-year average values (2009-2013) from FAO's FBSs (FAO, 2016a), 2 we first calculate the domestic food production, supply and utilisation levels by food item for each of the ten case countries. The quantity of total domestic production and supply (including food, feed, seed and 'other uses') is calculated for each country and each food item. However, using allocation factors 3 from Gustavsson et al. (2011) , we include only the fraction of total production and supply directed to human use in the FLW computation. FLW for each commodity, structured in five groups (see Annex 1), is calculated for each of the five FSC stages. Once total production and supply are determined for each commodity group, we then apply SSA average figures on waste percentages (Table 3) taken from Gustavsson et al. (2011) for the corresponding commodity in each step of the FSC to determine primary equivalent losses and waste. Wastages are higher for the SSA region at the production and post-harvest stages, as can be seen from Table 3 . Fruits and vegetables tend to present considerable levels of wastage at the later stages of the supply chain.
The proportion of edible mass out of the total primary equivalent mass varies by commodity type, with fish, meat and pulses having the least edible mass (see Annex 2). The quantity of edible mass lost and wasted is extracted from the primary equivalent Table 2 . losses and waste by applying average conversion factors (extraction rates) for agricultural commodities obtained from FAO (2000) and reported in Annex 2. While FAO (2000) provides extraction rates for hand and industrial handling separately, we used the average. The food use and loss quantities (in tons) are converted to calorie levels (kcal/day) to generate more sensible results for policy-making on food security and nutrition availability. FAO's FBSs (FAO, 2016a) reveal that the rate of conversion of a food item to a calorie content is country-specific. Therefore, we extract country-and commodity-specific conversion factors for each country and commodity group from FAO's FBSs data by taking the ratio of the weight of food items (in tons) to the corresponding calorie content derived (in kcal/day). These conversion factors are presented in Table 4 . Measures of average deviation from mean and squared standard deviation show considerable disparity in food conversion rates across the countries. 4 The disparity is highest for oilseeds and pulses as well as stimulants and spices. The food conversion data suggest that oilseeds and pulses provide the most kcal per ton, followed by cereals. Of the countries analysed, food-to-calorie conversion efficiency is the highest for Madagascar and Rwanda in many instances, whereas Benin and Mozambique have the lowest, with important implications for nutritional security. The country-and commodity-specific conversion factors reported in Table 4 are used to calculate the edible losses and waste per capita kcal/day across each FSC.
Calculation of output and income losses to farmers
Output and income losses to farmers have not been estimated by previous studies on FLW. Therefore, this paper goes one step further and provides estimates of the level of income virtually lost by farmers due to the inability of current food systems to adequately tackle the avoidable losses. The calculation of output losses to farmers relates to the primary equivalent losses and waste at the production and post-harvest handling stages of the FSC. The losses at these stages of FSC are determined based on quantity of total production data (for example, see the first column in Table 2 ) extracted from FAO's FBSs and the loss and waste percentages (see Table 3 ) at the production and post-harvest stages of the supply chain. Once quantities of losses in these two stages of the FSC are determined following the procedure previously discussed, they are converted into values using corresponding producer prices extracted from FAO (2016b). FAO (2016b) reports annual producer prices for a number of vegetal and animal products. Since we used a five-year (2009) (2010) (2011) (2012) (2013) average production data extracted from countries' FBSs, we also generate a five-year average producer price for each commodity, weighted by respective production value. In cases where there are no corresponding producer prices for some commodities, the national average is applied. We subsequently divide the total value of lost output by the size of the rural population to generate an income loss per capita, accounting for the cost of FLW mitigation strategies and technologies as explained below. The data on total population by country and the overall size of rural population are obtained from World Bank (2016) .
Interventions to reduce FLW could be costly, and to date significant amount of resources have been leveraged to reduce FLW around the world. Nevertheless, there is a lack of comprehensive information on abatement costs of FLW (Sheahan and Barrett, 2017) . In our analysis, we assume the cost of reducing food losses to be equivalent to 5% of the gross value of losses, and we incorporate this cost before computing the net per capita income loss. This cost assumption implies a benefit-cost ratio of 20:1, which lies between the 14:1 and 25:1 benefit-cost ratio estimates by Hanson and Mitchell (2017) and Rosegrant et al. (2015) , respectively. The benefit-cost ratios reported in Hanson and Mitchell (2017) and Rosegrant et al. (2015) imply cost of about 7% and 4%, respectively, of the losses and waste recovered.
Results and discussion
Food supply potential, use and composition
In this section, we provide a bigger picture of the source and use of food commodities in the case countries, beyond the use of commodities for human consumption over which we base our calculation of FLW. Providing this broader picture is relevant because: (i) the volumes of production and supply do not automatically imply availability of food for human consumption; and (ii) the use of food commodities as feed for animals and in the non-food sector (such as biofuel production) is considerable and varies significantly from country to country.
The summary data on the case study countries show that total per capita supply potential of food does not necessarily reflect the level of per capita food consumption; this is due to considerable cross-country differences in domestic allocation for human consumption (food), seed, animal feed and wastage. Of the ten agrarian economies of Africa we study, Mali and Benin are by far displaying the highest per capita food supply potential, with 4927 and 4783 kcal/cap/day, respectively, while Kenya (2593 kcal/ cap/day) and Chad (2603 kcal/cap/day) have the least (Figure 1 ). Domestic production contributes to about 86% (or 2942 kcal/cap/ day) of total food supply on average in these ten countries, while the rest comes from imports with important variations across countries. Chad, Ethiopia, Malawi, Mali and Niger heavily rely on domestic sources for total supply. Meanwhile, Benin and Kenya obtain about 1306 (27%) and 776 (30%) kcal/cap/day of food from other countries, respectively.
With regard to the domestic utilisation of total supply, 74% of the food supplied is used as human food on average (Figure 1) . Kenya (84.0%), Chad (79.7%), Rwanda (78.8%) and Ethiopia (76.9%) present the highest share of supply used for human consumption. While the case study countries are among those with the lowest calorie intake per capita, there is considerable variation between them. Mali is by far the country with the highest per capita food consumption (2827 kcal/cap/day), followed by Benin (2571 kcal/cap/day) and Niger (2540 kcal/cap/day), while Madagascar (2066 kcal/cap/day) and Chad (2073 kcal/cap/day) have the lowest calorie intake.
Animal feed, seed and waste (waste in the FBSs refers to losses only during storage and transportation) take average values of 295, 105 and 285 kcal/cap/day, respectively, on average across countries. In Malawi and Benin, 19% (710 kcal/cap/day) and 15% (284 kcal/cap/day) of total food supplies are used as feed, respectively. In Benin, Niger and Malawi, a comparable share of about 12% of the total supply is not used for human consumption, feed or seed and ends up as waste during storage and transportation. Malawi (25%; 1252 kcal/cap/day) and Mozambique (17%; 567 kcal/cap/day) absorb a noticeable amount of food supply utilised for food processing as well as other non-food uses (such as pet food and oil use for soap production).
The discussion above considers total food supply, including non-consumption uses. We now focus entirely on human food and examine the share of each commodity group in human consumption. Figure 2 reveals that cereals, roots and tubers as well as oilseeds and pulses are the main sources of food in all the countries examined. Cereals contribute 65% of human food in Ethiopia (1353 kcal/cap/day) and Mali (1833 kcal/cap/day), followed by about 61% in Chad (1270 kcal/cap/day), Madagascar (1258 kcal/cap/day) and Niger (1526 kcal/cap/day). Roots and tubers provide 33%, 32% and 31% of total food consumption in Mozambique (745 kcal/cap/day), Rwanda (687 kcal/cap/day) and Benin (788 kcal/cap/day), respectively. Oilseeds and pulses are also main food crops in Niger (621 kcal/cap/day), Rwanda (432 kcal/cap/day) and Chad (407 kcal/cap/day), contributing to 24%, 20% and 20% of food consumption, respectively. Fruits and vegetables are prominent sources of food in Rwanda, providing 19% (414 kcal/cap/day) of food consumption, while milk is important in Mali (263 kcal/cap/day).
Food losses and waste by supply chain stage
Using the procedure previously described, we estimate the losses and waste of edible food for those ten agrarian economies in Africa, both across food types and along the FSC. We find that, across the FSC, these countries lose on average a cumulative amount equivalent to 28% (641 kcal/cap/day) of the current calorie intake. The loss is as high as 36% in Malawi (857 kcal/cap/ day), Mozambique (809 kcal/cap/day) and Rwanda (772 kcal/ cap/day) (see Table 5 ). The loss in percentage terms is lowest in Niger, and yet this country experiences a food loss equivalent to not less than 20% (507 kcal/cap/day) of the current level of food consumption.
Cereals account for over 30% of the total food loss on average for this set of countries, although these crops still provide 51% of total calorie consumption. As a ratio of total cereal consumption (1191 kcal/cap/day on average), the cereals lost (194 kcal/cap/ day on average) reach a substantial share of 16% of total current consumption in the study areas. However, the share and magnitude of cereal losses differ markedly by country. Mali (356 kcal/ cap/day), Benin (298 kcal/cap/day) and Malawi (233 kcal/cap/ day) are the three countries with the highest losses. Cereals account for about 50% of total food losses in Ethiopia and Mali and about 40% in Chad and Niger.
Meanwhile, roots and tubers contribute 29% of total FLW, or 183 kcal/cap/day, in the region, on average. Benin (392 kcal/cap/ day), Mozambique (374 kcal/cap/day) and Rwanda (353 kcal/ cap/day) experience the highest FLW in roots and tubers. Oilseeds and pulses also contribute significantly to food consumption in the study areas. We find from the FLW calculations that an average amount equivalent to 15% (or about 96 kcal/cap/day) of the current consumption of oilseeds and pulses is lost along the supply chain. The highest losses are observed for Niger (175 kcal/ cap/day), Mali (142 kcal/cap/day) and Benin (142 kcal/cap/day). Although the food items discussed above are the main contributors of FLW, losses from others should not be neglected, as together they contribute to 26% of the total losses on average across the countries studied.
With regard to FLW along the FSC, the production, post-harvest handling and processing stages contribute the highest shares. The production stage is responsible for about 38% (244 kcal/cap/ day) of the total FLW on average. The losses registered at this stage of the supply chain are roughly consistent across the countries. However, there are marked differences in calorie-per-capita terms from country to country. The per capita loss at this stage of the FSC is the largest in Benin (350 kcal/cap/day), followed by Malawi (347 kcal/cap/day) and Mozambique (317 kcal/cap/day). The lowest per capita losses are found in Ethiopia (161 kcal/cap/ day) and Kenya (167 kcal/cap/day). Post-harvest handling and storage follow the production stage, contributing 34% (218 kcal/ cap/day) of the total food loss. The per capita food loss at this stage of the supply chain is the highest, and in the range of 270-350 kcal/cap/day in Mozambique, Malawi and Benin, while Chad positions itself at the other end of the spectrum (135 kcal/ cap/day).
The other three stages of the supply chain contribute 27% of the total FLW altogether. The processing and packaging stage alone is responsible for 18% (110 kcal/cap/day) of the total, with some disparities across countries in share and value terms. The per capita calorie losses at this stage of the FSC are the highest in Mozambique (153 kcal/cap/day), Malawi (132 kcal/cap/day) and Rwanda (126 kcal/cap/day). As expected in the case of lowincome countries, the distribution (7%) and consumption (3%) stages of the FSC contribute the least to the total food losses.
Poverty and food insecurity have always been development challenges in the case study countries. The inefficient use of the available food as shown by the marked rates of FLW has implications for food security and calorie per capita consumption. Total recommended calorie intake is usually given as about 2000 kcal/ cap/day for the average woman and 2500 kcal/cap/day for the average man (EFSA, 2013), which can be interpreted as an average need of roughly 2250 kcal/cap/day at national level, assuming a balanced share of men and women in the population. In such terms, recovering the food that is lost and wasted would potentially change the figures and incidence of food insecurity markedly in the countries studied. Given the recommended daily calorie intake, almost half of the case study countries, namely Chad, Ethiopia, Kenya, Madagascar and Rwanda, are currently experiencing a substantial calorie gap. 5 Chad, Ethiopia and Kenya appear to be facing a calorie gap of about 8%. It is therefore argued that recovering the FLW quantified in this study would help each of these countries bridge the calorie gap and realise the recommended daily intake per capita.
Production and income losses to farmers
Avoidable food loss has a direct negative impact on the incomes of farmers. Given that most farmers in these countries engage in semi-subsistence production systems and more often than not live under the threat of household food insecurity, a reduction in production and post-harvest losses are expected to have considerable impacts on their incomes. Our estimates on production and income losses to farmers at the production and post-harvest stages of the FSC depend on a realistic assumption in peasant economies that posits that income generated from the agriculture sector greatly return to rural households. However, we recognise that in countries where commercial agriculture is relatively established, and the rural sector continues to transform, there is a possibility that a noticeable proportion of incomes originating from the agriculture sector could benefit urban dwellers.
Losses at the production and post-harvest stages (in tons) are calculated for each group of commodities before a summary figure is computed for vegetal products (including all products other than animals), animal products and grand total. As mentioned previously, production and income losses are calculated for the production and post-harvest handling stages of the supply chain, as our target is to estimate output and income losses to farmers.
In addition, our analysis shows that FLW are concentrated in these two stages of the supply chain. Once the quantity estimates are obtained, we then calculate the income loss to farmers by converting the quantities into values (in USD) using corresponding producer prices obtained from FAO (2016b) . Figure 3 reports the data on production losses both in tons and as a percentage of total production for each country. On average, farmers in these countries lose one-fifth of their production due to poor on-farm and off-farm handling. The loss in production is more prevalent for vegetal products, both in value and share terms. At country level, the production loss is the highest in Ethiopia (8.1 million tons) and Kenya (5.9 million tons) in Table 5 . Food losses and waste by food type and supply chain in kcal/cap/day. Total food consumption 2571  2074 2097  2178  2066  2326  2827 2248  2540  2138  Total food losses and  waste   891  438  444  463  543  857  682  809  507  772   Food losses and waste  by food type  Cereals  298  174  214  108  174  233  356  99  220  65  Roots and tubers  392  61  96  77  171  270  29  374  11  353  Oilseeds and pulses  142  96  55  52  24  93  142  110  175  70  Fruits and vegetables  23  7  10  42  26  44  24  16  31  232  Meat  10  14  11  21  19  15  26  14 absolute terms. However, farmers in Rwanda (26.3%) and Mozambique (27.3%) lose bigger shares of total production. This is a worrying trend given the level of poverty and food insecurity in these countries. Mitigating FLW does not come for free; rather, it requires a significant amount of financial and technical resources (Loke and Leung, 2015; Sheahan and Barrett, 2017) . In this study, we assumed a mid-point estimate (about 5%) of cost of reducing FLW reported in Hanson and Mitchell (2017) and Rosegrant et al. (2015) before net per capita income lost from agriculture associated with the production and post-harvest losses is computed. Estimates of per capita lost income are reported in Table 6 together with current (2009-2013) average per capita agricultural income, per capita lost agricultural income, and achievable per capita income. Per capita income loss from agriculture associated with the two FSC losses (production and post-harvest) are highest in Kenya, Malawi and Rwanda, at USD 170 on average. In line with the relative roles of vegetal and animal products in the FSC losses, a greater part of the farmers' income loss stems from vegetal products, both in absolute terms and as a share of actual per capita income. Overall, our income analysis suggests that these countries would achieve 20% more agricultural per capita incomes in rural areas if they were able to deal with the food-loss problem. The share of income loss is the highest in Malawi, Rwanda and Chad, reaching 24% of the current per capita income from agriculture.
Country Benin Chad Ethiopia Kenya Madagascar Malawi Mali Mozambique Niger Rwanda
A comparison with previous research
Previous studies published on the area (Gustavsson et al., 2011; Kummu et al., 2012) provide estimates on FLW at regional level for SSA. 6 Hence, we expect our calculations to deviate by some degree from the SSA average and will be above those estimates, since we cover some of the most agrarian economies in the region. Further, Kummu et al. (2012) focus only on crop products, while we also include meat and fish products in our calculation of food supply, loss and waste. Overall, approximately16% (weight-wise) of the food production and use recorded in the FBSs of FAO correspond to meat related products (Kummu et al., 2012) . Against this background, our food production estimate appears to be relatively consistent with Kummu et al (2012) , where they found food production (excluding meat-related products) in kcal/cap/day in SSA of about 2400, which is slightly lower than our estimate of 2942 kcal/cap/day. We also found that around one-third of the total food production is lost or wasted along the FSC in the countries studied, which is well in line with the 37% FLW estimated for SSA by Gustavsson et al. (2011) . An extract from the African Postharvest Losses Information System on cereals only and exclusive of losses at the consumer level suggests a physical loss of up to 18% (Sheahan and Barrett, 2017) , which is close enough to our finding of about 20% for cereals and vegetal products.
Conclusion and policy recommendations
The issues of food security and nutrition have been on the policy and political agenda in many developing countries and globally due to limited access to food by the poor. Food security and access to nutrition are not likely to improve substantially very soon as the world's, and more particularly Africa's, population will continue to increase for decades, and food production will also be severely affected by climate change and other natural resource constraints, and possibly by conflicts and natural disasters. Therefore, there are reasons for concern, particularly in regions displaying severe prevalence of food insecurity. Among the policy options to be considered, reducing food losses and waste is arguably one of the most promising sustainable ways of closing the food gap that is primarily affecting the poorest segment of the population. However, there is not yet adequate knowledge on the extent of food losses by FSC, and such information is even scarcer for developing countries, including subSaharan Africa.
This study examines the case of ten agrarian economies in Africa and generates some new insights on the level of FLW by country, food supply chain and food type. The poverty, population and economic profiles of the countries included in this study suggest that a better understanding of the level of FLW and a more effective management of the currently inefficient use of agricultural and food resources would considerably change the poverty and food insecurity profile of these countries, if not the continent. We show that these ten African countries lose about 28% (641 kcal/cap/day) of the edible food component on average. Considering the food supply chain, the production (38% or 244 kcal/cap/day) and post-harvest handling (34% or 218 kcal/ cap/day) stages contribute the most to these substantial losses. Our results also show that if the avoidable losses and wastes were recovered, an average farm household in these countries would increase its income by 20%. Recovering FLW would help each of these countries achieve the recommended daily calorie intake per capita (2250 kcal/cap/day). Realising that almost 20% of the potential income is lost appears as a worrying and unsustainable trend, given the level of poverty and food insecurity in these countries, especially in rural areas.
A number of policy levers can be identified to reduce food losses and waste according to type of the commodity and segment of the food supply chain. Our results from the case study countries imply that policies in the food waste sector, both within agriculture or around the public sector broadly, should especially targeted the initial segments of the food supply chain where most losses occur. For example, the agriculture sector policies should foremost have a producer perspective, such as by improving harvest techniques, farmers' knowledge, storage facilities and cooling chains. Other broader public policies should promote agricultural marketing, alleviate credit constraints in rural areas, and improve rural infrastructure (rural roads, rural energy and market information system). The most proximate policy interventions should, however, be identified case-by-case by studying the root causes of the FLW.
In addition, in spite of recent attempts, the quantitative evidence on the subject is still relatively poor and the available data are often partial. Studies have to make a number of assumptions, challenging the quality of existing evidence and leading to a lack of consensus on the estimated magnitude of losses. These observations suggest the need for further work to properly track, collect, and report FLW in a more systematic and harmonised way. Beyond the quantified sizes of FLW, national, regional and international policy makers should extract and use information on the sectoral and economy-wide impacts of reducing the losses and waste as an input to identify the most cost-effective commodities and stages of the value chain. This can effectively guide the allocation of scarce public and private resources. In addition, national and international policy makers should promote detailed case studies on strategic commodities to generate a better understanding of the impacts of FLW at national and global scales. Although some of the most effective policies are of national or sub-regional aspect, the role of global initiative in tacking the food loss problem is considerable since the food supply chain of today is increasingly globalised. In contrast to the growing research on the international virtual water flows accompanying the international trade, the impact of growing international trade on food losses has still been unavailable and has to be better assessed together with a disaggregate quantification of FLW by country and value chain at the global level. This would also help to rank countries in terms of food loss per capita, per consumption, or per GDP basis and identify global or sub-regional good and bad practices to yield sustained reductions in FLW.
Another point to be stressed is that most studies, including the one at hand, overlooked other potential uses of part of the food lost and wasted (such as household animal feed or landfill grazing) as the focus has mainly been on quantifying the part of food intended for human consumption and its implications on household food security. Yet very little is known about the destination and use of the non-consumed food, as well as its impact on the environment. This highlights the need for further research to identify the destinations of FLW so that stakeholders can understand its true economic costs and actively develop effective waste utilisation practices.
The results of this study also call for the realisation that the cost of the FLW goes well beyond the mere losses along the food supply chain, but also has dramatic implications on natural resource use and the sustainability of food systems. Although this is not shown in this study, our results suggest that more research should be done to relate the FLW at the production and postharvest stages with the likely considerable water and cropland resource losses. Such levels of inefficiency in the use of human, capital, land and other natural resources suggest that there is scope for innovative policy action to effectively address the problem. It also implies that policy measures should target the development of on-farm and post-harvest technologies to reduce the FLW. Such measures would result in an increase in incomes of rural households' and a more sustainable use of natural resources.
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Notes
1. Part of the food lost and wasted could be used as household animal feed or landfill grazing. However, there is a lack of data and information on the potential destination and use of the food lost and wasted (Ghosh et al., 2016) , manly in developing countries. Whereas we recognise the importance of tracking and understanding the other uses of FLW, this study focuses mainly on quantifying the direct food security aspect of food loss initially intended for human consumption. 2. FBSs are compiled every year by the FAO, mainly with country-level data on the production and trade of food commodities. 3. Allocation factor determines the part of the agricultural produce that is allocated for human consumption. 4. The average deviation from the mean conversion factor for each food type returns the average of the absolute deviations of the country-specific conversion factors from the country group mean. Meanwhile, the squared deviation value refers to the sum of squares of deviations of the country-specific conversion factors from the group mean. 5. The calorie gap is calculated for each country by deducting the recommended calorie intake (national level) from the total food consumption in kcal/cap/day reported in Table 5 . 6. Although there are some estimates on food losses, mainly at the production and post-harvest stages of the FSC, we focus on these two studies for our comparative analysis, as our study relates to them in terms of both estimation approach and data sources.
Annex 1: Commodity groups
The different commodities addressed are grouped according to FAO's FBSs (FAO, 2016a) : Cereals (excluding beer): wheat, rice (milled), barley, maize, rye, oats, millet, sorghum, other cereals.
Roots and tubers: potatoes, sweet potatoes, cassava, yams, other roots.
Oilseeds and pulses (including nuts): soybeans, groundnuts (shelled), sunflower seeds, rape and mustard seed, cottonseed, coconuts (incl. copra), sesame seed, palm kernels, olives, other oil crops.
Fruits and vegetables (including bananas): oranges and mandarins, lemons and limes, grapefruit, other citrus, bananas, plantains, apples (excl. cider), pineapples, dates, grapes (excl. wine), other fruit, tomatoes, onions, other vegetables.
Meat: bovine meat, mutton/goat meat, pig meat, poultry meat, other meat, offal.
Fish and seafood: freshwater fish, demersal fish, pelagic fish, other marine fish, crustaceans, cephalopods, other aquatic products, aquatic mammal meat, other aquatic animals, aquatic plants. 
